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ABSTRACT

The N U Auditory Test No 4 1s composed of two hsts of 50 CNC monosyllat ¢
words eack that conform to the phonemie balance advocated by Lehiste and Peterson
The hists were given twice to three different groups of 16 subjects—those with normal
heartng, those with conductive loswes, and those with sensorineural losses During
each test s\ presentation levels of ascending imtensities weye used, the t~*s! range
being from —4 db to +40 db <envation level

The thice tvp s of subjats wndentd aruculation functions of the samc ~hape,
but the functions for sensorincurals were of gentler slope tkan for the other two
groups The discrimination scores for Uist T were shightly mgher than for hist II
During the retcst, the disenmination scores improved shghtlv  Scores Lotween lists
a> well as those from test to retest showed relatively high positine correlation
Thevefurs, the > U Auditory Test No 4 seems *0 be a valuable tool for the measure-
ment of phonemic discrimination

This techi 1cal documentary report has been revicwed aud 1s approved

ROBFRT B PAYNE §

Colonel, USAF, MSC
Chief, Operations Division




A TEST F0R SPEECH DISCRIMINATION COMPOSED OF CHC MONOSYLLABIC WORDS
(N0, Auditory Test No. 4)

1. HISTORICAL BACKGROUND

The technic of measuring discrimination for
monosy llabic words has found mam apphica-
tions 1 audiology, both m research and 1n
chmeal practice  The pioneer efforts of Flet-
cher and his asschiates at the Bell Telephome
Laboratories establixhed the precedents and
launched the concepts which persist todav 9,
16), but 1t wa~ the evolution of the PB-30 hsts
at the Py cho-Acoustic Laberatory in the early
1940’s w hich was the direct 1mpetus to develop-
. ant of present-dav procedures m this phase
of speech audiometry (3) The speial features
of the PB-30 hsts are that they comprise 20
matched and nonduphcating compiletions of
50 words each, that the 20 hsts are relatively
equinalent to one another, that & measure of
discrminatory effiency ¢an be obtamed with
a single s, and that each sequence of 50 words
approximates the phonetic balance of Enghsh

Thewe features appealed to dimcians m the
military  programs for aural rehabihtation
which were active during World War 1I There-
fore, the PB-30 Ists were quickly adopted
the mulitaty programs as & tool for asses~ing
hearing mmpairment and ror selection of heat-
g aids (2)  The traditions fou these chimeal
apphcations evolved m part from experlence
with lage populations of hard of-hearimg
~ervicemen (1) tHowever, soliditication ot
cnmal practice took cogmzance of the think-
mg of 1esearch groups, especiallv of those at
the Pwvcho-Acoustic Laboratoy and at the
Centrdd Institute wor the Deaf A noteworthy
example of the benefits resubupy from this
earh interaction between dmicians and theo-
rists 15 the concept of the Index for Social Ade-

Tewaned {rqubli it nan T Auatin

quacy which was proposed n 1946 by Walsh
and Sihverman (20) and was elaborated bv
Davis m 1948 (4)

The mtervening vears have brought three
major developments m this phase of testing for
~peech mtelhgmbihty

Fir«t measwement of dicrimaabion for
~peecn has become recognized as a basce diag-
nostic techmie, and test matenials have been
developed m mam languages Chnmelans have
apphied these matetials to such diverse tasks as
differentrating vetween conductive and senori-
neural 1mpanments  (20)  determinng o
patient’s smitabihity for ofolome argery, diag-
nosing NS lesions n the auditory ~ystem
(13), eraluating practical communicative m-
pairment  (3), and assmnng medicolegal rat-
mgs of disability 1 hearing (19)

Second, measurement of disnmination
for speech has become a procedive used com-
monly 11 tewe ireh on the auditors functions of
hoth normal hearers and persons with auditory
mpairments  Some of this research has sought
to defme the varlables underhng the unda-
“tanding of speech  Some of 1t has utihized
measurement of speech mtelhgibilits to obtamn
eriterion data w bachground information on
research subjeets with whom other fucets of
hearing behavior were the pume topres unacr
~autiny  lhese two uses have brought us a
substanptial accumulation of knowledge regard-
g factors which affedt precsion in percening
monosilabic words and othet tapes of speech
material

Third, both chinical and research experience
Weth the ongmal PE-30 word hsts revealed
hmitations not angnaliy ovprecated  For ex-
ample  these Iists melude enougth unfamihar
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words to alfect the performance of subjects
with restricted vosabularies  Realization of
such hnutations triggered ettorts to improve
both the materials themselves and the methods
by which thev are presented  One outcome has
heen the development of several new tests
These tests + M ointo two categories  One type
wnsist: of rew compilations of words which
muaintain the same pattern of phonetic balance
ised 1 the ongial ’B-3 ists The PB-K-50
test devised by Laskins (11) 15 one example
ot this approach, while the W-22 test recorded
by thrsh and his assottates {32} 4~ ats best
known example  The second tvpe of test 1
one which employs new patterns of phensetie
balance based on a revised wraterion of what
that balance shoutd be  The two noteworthy
products ot this approach are the rhyme test by
Farrbanks (%) and the Lehiste-Peterson CNC
Dsts (14 163 soth these sets of matenals
wonsist of monosyllabie word lisis emploving
50 1tems as the basic test umt  In this respect
they preserve tne pattern found in the orpgnnal
PB-30 hists andd their successors

At present, manv research woskers and
dmiaans ae uncertain as to which of these
vanots tests to choose tor the purpose of
specch audiometry Al these tests have three
basic features n common  namely, they employ
50 words per block of test items, thev mclude
onlv monosvllables, and thev incorporate some
form of phonetic or phoneraic balance The
question of chowce must therefore rest on thewr
merits a5 judged from theoretic considerations
or as revealed by experience

Some chmaans and resedarchers favor the
1W-22 test because ~so much chinical experience
has been accumulated with 1t and because it
has been subjected to substantidd analvas of
variots tvpes (6, 7, 15, 17)  In fact, the W-22
test 1s used by the Veterans Administration
and by the majonty of audiologie chimes i the
country  Other workers distrust the W-22
materials because these materials have proved
relatively easy for most histeners and, there-
fore, do not differentiate sharply among minor
deficits 10 ability m phonemic diserimination
Moreover, the W-22 test i~ available only on
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phonograph dises, and the commercial quahty
of these dises has at times been poor

Some crities of the W-22 test have adopted
other materials for purposes of measuring
phonemue  4iserimination Some have turned
to the Fairbanks Rhyme Test Champions of the
rhyme te t feel that it has a special advantage
because it 1s very specific in the phonemic dis-
tinctions ot reenyes the subject to make  The
rhyme test has several hmitations, however,
which have kept it from being widely adopted
These disadvantages are that 1t only probes the
discrimination of consonatits, that its test items
omprise 4 matnx that 15 too restricted, that
the number of alternative versions available 15
not large (particalarly wince tne test cals tor
multiple choice responses), and that the rela-
e of measures with the rhyme test and
with PB-50 type matenal has been estabhished
with only muderate detimtiveness

Perwons why doubt the wisdom of using the
engmal PB-50 fists, the W-22 hists, or the Fan-
banks Ithyme Test are attracted to the CNC
monosyllabiec word lists which Lehiste and
Peter<on develoned The latter hists have three
major advantages  Fust, careful analysis of
phonetic, phonemie, and hnguistic considera-
tions led Tehiste and Peterson to restrict thewr
test 1tems to monosvilabic words of the CNC
vdriety—i e, words composed of an mital con-
sonant, a vowel nucleus, and a final consonant
Second, each hst of 50 CNC words was edited
to achieve the phonemic balance which charac-
terizes the corpus of 1,263 monosyllabic words
from which the CNC lints were drawn, rather
than the phonemic structure of Enghsh a. a
whole  Thus, these hists have mereased face
vahidity m that they are representative of the
spearfic type of matenial from which the test
iems tnemseives are derned In the third
place, Lehiste and Peterson took precautions to
assure that the words they used were as famil-
1dr as was practical (14, 16)  In view of these
characteristics, the Lehiste-Peterson hists stand
as materials which appear to have high poten-
tial as measures of speech ntelhgmbihty

At the momert, the problem facing anvone
wishing to employ the Lehiste-Peterson test 1~




lach of information as to the rehabiity and
nterchangeabihty of the ten lists which com-
pr.se these materials  This limitation hecomes
particularly restiictine wher thewr use .s con-
templated 1n 4 research project that rejures
nmany measutements of phonemrc diserimina-
tion under closelv allied circumstances

The foregoiny himitation was the mmpetus
for development of N U Auditory Test No 4
A 1tuation developed wheie the 1esearch group
i the Auditory Research Laboratory at Noith-
westein Unnersity needed two highly equiva-
len. forms of a test of phonemic distrinination
The decston was nude to use o test of the
Lehiste-Peter~on vaniets  Twe hh t< could have
been (husen arbitiaily for this parpose from
imong the ten published vy Lehiste and Peter-
~on Before these two hists could have been
u~ed maghtfully, however, 1t would have been
Tecessatv to subject them to extensive ex-
perimental study for the purpose of defimng
their reliabihty and interchangeabihity  Simce
snch ¢ substantial tash was unavoidable, it was
practial tu develop two new hists and then
subject these to the aforementioned analvsis
The latter comse was chosen becausc Lehiste
and Peterson had found 1t necessary mn compos-
ng their ten hsts to deviate shghtlv from their
original plan for phonemic balance It ~eemed
better to start an mvestigation of rehabihty
and nterchangeabiity with twe lists which
conformed preasely to this pattetn than to
worh weth less peifect examples of 1t The
deciniod woas therefore made to prepare two
new hists and to designate them as N U
Auditory Test No 4

The disct ss1on which follows reports on the
development of these two new CNC Iists, fc
sciibes the preparation (on magnetic tapej of
wiv alteinate fuims of each list, and sum-
marzes esperimentally denved facls as o
reliabiity and other featutes of these new
matertals

2, NATURE OF N U AUDITOKY
1EST NO. 4

1he (NC word hsts

A~ aheady mentioned, the two parent lists
developed m «volving N U auditory Test No 4

were made to conform nigorously to the
phonemic balance advocated by Lemste and
Peterson  They obtammed ths pattern of
phonemic balance by extiacting all the 1,263
monosvliables i the consonant-vowel-conso-
nant class which are listed by Thorndike and
Lorge (18) as occwrring at least once per
milhon words Lehiste and Peterson deter-
runed the fiequency of occurrence of each
mtial, medial, and final phoneme 1n these
1,263 monosyllables They specifieq that each
phoneme should oceur in a single List of 50 con-
sonant-vowel-conscnant words with the same
maidence as 1t exhibited in the total hist of
1,263 words They then proceeded to construct
ten hsts of CNC! words according to this plan
Thewe lists were pubhished 1 1959 (14)  The
500 words comprising the ten lists were select-
ed frem the orignal pool of 1,263 CNC
monosy lables

The first step in developing CNC hists con-
forming to the Lehiste-Peterson pattern was
to make the tabulation which appears n
table I This table shows the number of times
each phoneme 15 to be used in order to preserve,
as closeh as one can m a 50-word list, the
distribution which characterizes the 1,263 CN(
words that Lehiste and Peterson abstracted
from the Thorndike and Lorge compilatiun

The second step was to evolve two mutually

exclusine groups of 30 woids that con-
taned exactly the distribution of phonemes ap-
pearmg 1n table I These two new groupings
of words are reported n table II  Trev have
been designated as hist T and Iist 31 of N U
Auditory Test No 4 Moreovey, all but fie
of the 100 words, thus assembled, were ¢hosen
fron the 300-word pool comprising the origmal
ten Lehiste-Peter~on Iists  The 1emamng fne
words all ippear 1n the larger pool of 1,263
words

The third step was to rindomuze each of the
new paient sty ~1x imes  Th21andomizations
which were thus at hand were subsequently
1ecorded on magnetie tape

IThe Lt s mo 6N ther thin (VO was cnoe n by thes
watk rs e sireas tle fact DRt the U e dements 1deatfied i
sowil o r actull s libic nudden m monas Hables of the type
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TABLE I

The propertions (p) of wmaderces of phonemes which constuute the
Lehrste-Peterson pattern of phonemie balanee for CNC words and the
number (N) of wmclt stons of cach phoneme requured to develup a single

tstof N U Auditory Test No 4

Imtial cunsonant Vowel nudleus F'ra consonant

Sceund P N Sound P N Sonnd 19 N
P 0642 3 1 0832 4 P 0564 3
b 0658 3 t 1116 5 b 264 1
t 0578 k] el 0942 5 t 1102 6
d 0584 3 € 0744 4 d 0778 4
1N U65% 3 x 1033 5 IS 0818 4
3 0125 2 > O8G4 3 « 0392 2
m 0584 3 N 0592 3 ™ 0542 3
n 0400 2 2 6620 ks n 1054 5
f 04n2 2 o' 0736 1 n 0208 1
v 0182 1 U 0222 1 f 0310 2
" niv 1 u 0586 3 v 0288 1
3 600 o a' 027 1 # 240 1
s 0630 3 a 0736 4 3 0090 0
z 0032 4 » 0126 1 s 0,64 3
i 0354 2 3 0562 3 7 090 2
T 07 X 4 i 9200 1
1 073y 4 3 06IR 0
ti 0316 2 T 0628 3
d 0332 2 1 1032 5
h 0606 ) t 031 2
w 0476 2 d 0200 1

wh 015t 1 ‘

3 0150 1 b
10000 50 { 10000 l 50 1 00u0 Ju

toop
Faunlel o the nearest micher

Before describing the procedure employed
m recordirg N1 Auditory Test No 4, a
{uither comment must be made regatding the
composition of the two ists  When they were
bemyg composed, no ~pecal effort was made to
equate them 1o one anciner or 1o the Lemste-
Peterson lists m terms of word fumthanty
This factor was not origmally considered by
Lelste and Peterson (14) Since they have
subsequently r y sed ther hsts, however, to
eliminate some «f the more unfumihai items
m their ongmal compilation, 1t 15 mteresting
to note how N U Auditory Test No 4 con-
forms i this 1ezard to the revision  Table 111
aliows this comp arison by reporting 1 be ynopor-
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tions of words m each test which fall nto each

of seven dasses of tembanty It 15 im-
mediately appatent from the tavle that the
relative distrabution of test words amorg these
closses 15 about the same for the two NU
lists s tor the average of the Lehiste-Peterson
revision It 1s fuithermoie apparent that these
several lises rot onlv include a  sizeable
fraction ot very common words, but also en-
compass & wide range of fanvhanty

Recording the {NC lists

The apparatus and proceaures employed n
mak g the paent recordirg of each hst m




TABLE Ti

Alvhehetical arrangemant of CNC monosylibie
words compricing lists and H of N [
Audutory Test No

st 1 Tt dr

hean* met bite
DLuat mody *
hurn moor
chalk nut
choice Paye
death® pool
dime® puff~
door [
fall= e d 1ead”
fag* 1uee? 100m
wap 1w uh 10t
goos? ~ell nd
hash* ~ho <hack®
home ¢ <hawl
hutl* ~ub nh
sl surc ~oap
1 takc thourht
Lan thed too)
nnge tip towel
hite tougch turn
=k e souce
laud weeh Wi
imb which white
ot whip witcn
lore* e voang

merge™
buok™ mll
ought nice”
vl numb
chan™ pad’

P he
par*
1un

Match

Al m original B te

the NU
Tollows

Auditorv Test No 4 are described as

A (oudenset microphone (Westean Eledtrie
640AA Serial No 1039) was mounted in free
ant within - an acoustic  beoth  (Industiial
Acoustics Company, Ine, Model 1202) with
mside dimensions of 533 by 60 by 65 feet
The mucrophote was ciectrically coupled to 4
cathode follower circuit (Western Electio-
Acoustical Laboratory Preamplifier, Tvpe E),
which mm turn fed a condenset microphone
complement (Western Electro-Acoustic Labora-
tory, Type 100D E)  The output of the con-
denset mirophone complement was led thiough
a speech audiometer ((rason-Stadler, Model
162), whose ovtpu® fed a ~imyde channel of a
two-tach  magnetic tape recorder (Ampes,
\Model 351-2)

A muale talker, 23 vears of age, who vees
General Amencan dialect, was chosen to speah
the test materls He was expererced i the
momtored hvevoie techme of speech audi-
ometiv  In additior, he was gnen adequate
prastice with the N U Aoditory Test No 4
Lefore the final 1econding of it two ists was
undertuder Dunng the latter reconding he

TABLE IlI

Distiihutions acempeing to froqueney ot usaye of the CNC monosyllebles

a NU Auddory Test No 4 and i the

revesed Lehaste-Ptarson test

Famtinits 1ating
It

N U Auduot, Test Yo 4

Aswmac palistin
Lohiste Pterson
1evIsHn

Tt i

Among most common 300 words 1

Among neat most common
SO0 wonds 11

More than 100 o curtences
POr muson words

30 thiouh 99 «auonees
pa mullion words

25 thwugh 19 wurences
pe1 mehon words

10 through 24 oceunie ces
par nullion woirds

I through 9 eccuiranas
per nuliton wads

109
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spohe nto the 640AA microphone at an in-
ter~ity st sufficent to cause a deflection to
— 3 db on the VU meter of the speech audi-
ometer Lhis deflection was achieved while
a standard carrier phrace, “Say the word __,"
was bemg saia  The test 1tem tollowed the
carrier phrase naturally as part of 4 continuous
utterance without an attempt lto momtor the
test item to amy particular level The talker
mesented items at mterials of five seconds
An assistant helped the talker to mamtam the
proper Liming by tappmg hini gently on the
back everv fine seconds The rardomized
sequence of each hst designated as form A
was emploved  Both lists were recorded on
the same dav, on the ~ame tape recorder, but
on separate magnetic tapes In addition, a
1000 «ps simu~oid was recorded ahead of eich
Ist as a calibration tone The level of this
tone was adjusted ~o thav 1it, too, caused a
deflection to -3 db on the VU meter of the
Grason-Stadler umt  In order to avoid ~atmat-
my the tape, the recording level was adjusted
to produce a de’lection of - 20 db on the VU
meter of the tape recorder

Recording spendaic words

In order to have available material by the
same talker which could be used to estabhsi
apeech reception tnresholds, 1t was decided to
prepate two randomizations of 30 sponduc
words The two set1es were 1ecorded with the
same equipment and at the ~ame level re a
1000 cps cahilnatien tone as that used n pre-
pating the magnetic tape carving the NU
Auditosy Test No 4 The time interval be-
tween successie snondees was fne seconds  In
this instance, however, the cairier vhrase was
omtted and each spondee was momtored m-
dividually to the standardized meter reading
of --3 db

Preparation of allernate forms of hsts

The recorded version of NU  Auditery
Test No 4 was asserabled n five additional
form~, or randemuzations, of each hst  Tre o
were designated as Forms B, C, D, E, and F

The mocedure emploved was very simple

Fach mas‘er list was copied siv times  Since
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the original recordmng had used the word order
for form A, one copv was retamed without
changre The other five copies wece reorgamzed
mto the remaming five orders of word scram-
bling The Girst step in preparing another fore
was to separate its comporent 1tems by cutting
the magnelic tape nto ~hort segments, being
very careful 1o leave 45 seconds of “silence”
as the leader 10 each :tem  The hst was then
reassembled in the new order bv the laborious
process of ~sphamng 1ts 50 items n the requisite
suceession  As a4 fmnal siep, the companion
forms of the two lists plus a seetion of the
1000 (p~ cahibration tone were sphced together
The 1esuitant combination of two list and the
cahbration tone constituted a finished magnetic
tape  For example, the magnetic tape carry-
g form B consisted of the cahibration tone,
hst I-B and hist 11-B

the <1\ magnetic tapes thus assembled were
the speafic materials emplos ¢ in the analysis
of N'U Auditory Test No 4, whech 15 describeu
M the renianaer of this repott

3 METHOD OF EVALUATION OF NU
AUDITORY TEST NO. 4

Admimstration of lists at selected
presentation levels

The equnalence between hist 1 and hst I,
thewr test-retest rehabihities, and other charac-
tenistis of NU  Auditorn Test No 4 were

valuated on thiee groups of subjects These

sub,ects vere 16 persons with normal hearmy,
16 with conductive impairments, and 16 with
sensormeural losses

The buasic procedure n gathening data was
to see each subject twice  During each of these
wesa10ms, botn lists were admumstered to the
subject win times  llach ~uccessine presenta-
tion was at a mgher mtensty level, but both
hsts were admimstered at one level before the
transition to the next higher one The pur-
pose 1n this stairstep procedure was to allow
plottimg of the articulation funcnion for each
Iist with as hittle contammation from practice
and learmng a< possible  This goal was
achieved by having the € r ¢ presentation at
such a low level that only the most audible




items wete understandable The fact that
these words had been received correctly on the
first presentation had no effect on the next
score since these words would have been under-
stood at the higher level, rrespective of the
earhier successful contact with them Of
course, a new group of words became under-
standable at this higher level It was the
additional success with these latter words
which was responsible for improvement 1n the
articulation score after the transition from
the first level to the second one The same
prineiple, now true for a second group of new
words, operated at the third presentation level,
and so on

This procedure did not ehminate guessing
when a subject perceived part of the phonemes
n a word, but 1t kept him from being alerted
to the existence of specific words 2s members
of the test vocabulary.

The sections which follow describe these
suvjects and procedures more fully, and then
review the findings which emerged from
analysis of the articulation scores thus ¢b-
tamned

Subjects

Normal heaning subjects were procured
from the student population at Northwestern
University, whereas the two groups of hearing-
mmpaired subjects were drawn from persons
who had been seen in the Nortawestern Um-
versity Hearing Chnics

Thirteen men and 3 women comprised the
normal hearing group Their mean age was
229 years and they ranged in age from 18
to 31 years The prime requirement for sclec-
tion was that the subject have one ear which
was better than 10 db hearing level as deter-
mined by a pure tone screen over the 125 to
8000 cps range. * The nontest ear was not held
to this standard smce all measurements were
to be made monaurally

Only subyects known to suffer from clneal
otosclerosis were included i the conductive
loss group Prehminary selection in terms of

degree of hear:ng loss was made from chnical
records, but suitabiity was confirmed at the
time the subject came n for ms first exper:-
mental session Al this ponnt his pure tone
thresholds were estxbliched for both awr and
bone conduction His speech reception thresh-
old (SRT) was also measured Only subjects
whose SRT’s were at a hearing level between
20 and 58 db (re- 22 db SPL) were retained
Moreover, a prospective subject was rejected
if his bone conduction level mn the 250 to
4000 cps range showed 2 maximum loss of
25 db at two frequencies or more than a 25 db
loss at one frequency ‘iie patient’s unoperat-
ed ear was selected when such a choice was
necessarv. Finally, the subject was required
to be at least 18 but not more than 50 years
old at the time he participated in the study
As it turned out, the mean age for the group
was 382 years Seven subjects were male
and 9 were female

‘The 16 subjects selected for the sensor-
neural loss group were persons who had ex-
perienced vprogressive hearing  loss  during
adulthood They were all drawn from the
diagnostic categories of sensorineural loss of
unknown ongmn, familial sensormmeural loss,
and early p-esbycusis These types were select-
ed n an effort to avord subjects with special
problems 1n discrimination such as are en-
countered in Mentere’s disease and VIIith nerve
tumor As with the conductive loss group,
final decision to include a subject with sensori-
roural loss was based on his audiometric per-
formance at the timé of his appomntment for
the first experimental session The require-
ments were that his ar and bone conduction
audiograms nterweave, that his better ear
serve as the test ear, and that this ear extubit
a speech reception threshold at a hearmng devel
between 20 and 53 db re 22 db SPL. Each
subject was required to be in the age range of
25 through 50 years The mean age of this
group was 429 years, and the sex distribution
was 12 women and 4 men

Test procedures

Each subject purticipated mn tno tost sos-

sions As already mentioned, these sessions
were 1dentical except for the fact that pure

1




tone audiometry was omitted mn the second
session and that the presentation levei for
one parr of the CNC lists was altered as
described below

The sequence during the mmtial <session
began for normals with the pure tone screening
test The sequence began for both hearing
loss groups with the estabhshment of pure tone
thiesholds for air conduction and bone con-
duction by the Hughson-"Vestlahe technic A
Maico MA-2 audiometer cahbrated to conform
to the NBS norms was used as the test mnstru-
ment 1n ali these measures

‘The monaural speech reception threshold
was next measured mn each ear The subject
was famharized with the hist of spondees 1
advance of any testing with them Ths
fannharization was accomphished by having
him repeat the spondees as these were read
to him by the tester 1n a face-to-face situation
Actual determination of the SRT involved
presenting the first of the recorded spondees
at a sen.ation level ol approximately 10 db
and then descending in 2 Cb steps presenting
four words at each step until the lowest level
was reached at which either two out of the
first three or two out of the four spondees
were understood This level was designated
as the speech recept. 1 thresho'd The mate-
rials used were the two recorded hsts of
spondees mentioned earler This materal was
reproduced thiough a speech audiometer
(Grason-Stadler, Model 162) calibrated to con-
form to the ASA norm wherem 22 db re
00002 microbar represents “0” db hearing
level A tape recorder (Ampex, Model 60i)
dehvered the test material to the external
mput of one of the channels of the speech
audiometer In every instance, the level of
the 1000 cps calibration tone which accom-
panied the test mater:al was set so that the
VU meter of the speech audiometer registered
0 db

The next step was to obtain discrimination
scores with the 12 scramblings ¢f NU Audi-
tory Test No 4 The speech reception thresh-
old for the subject’s test ear constituted the
base of reference for setting 2l sensation levels
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at which these CNC materials were admunis-
tered The orders i winch the two parent
hists were presenteu were counterbalanced, half
the subjects starting with hst I and the other
half with hst 11 Each hst was presented at
s1X sensation levels namely, 0, 8, 16, 21, 32,
and 40 db  Foth hsts were prescnted at one
level before the ncxt mgher level was entered
Withan this framework of alternating the two
hsts and cumulating the presentation level, the
varous forms of each hist were employed m
random order As a precaution agamnst ob-
tamnng response through ihe nontest ear, 60 db
of effective masking was delivered to this ear
mn those few mstances in which the presenta-
tion level called for in the test ear exceeded
the SRT in the nontest ear by 40 db or more
As already explained, the plan of progressing
from a low sensation level (0 db SL) to a high
one (440 db SL) was chosen to mimmize
contamination of disecrimination scores by cor-
rect guesses based on knowledge of the test
items  The »atwnale 1s that an item which s
heard correctly at one level will also be under-
stood at higher levels, so that a subject’s score
should not be changed at one level by the
fact that he had already 1dentified some of the
items at lower levels The mmtial session ter-
mmated when the twelfth st had been ad-
ministered at the +40 db sensat.on level

After an interval of one to two weeks, the
retest session was undertahen IHere the first
step was to establish monaural SRT’s anew
The same ear was retamned as the test ear,
but presentation levels for CNC materials were
estabhished in terms of the retest SRT for this
ear Agamn, the two lists were presented at
one level before the next level was employed,
and agam, the pattern of progressive increase
was used This time, however, the first pres-
entation was at —4 db sensation level, and the
sequence thereafter was 0, -8, 4-16, +24, and
+32 db sensation level. Moreover, each sub-
ject recewved the lists and forms i exactly
the same order as he had during the mtal
session except thal the forms omgmally pre-
sented at +40 db sensation level were now
given at —4 db sensation level - Finally, the

“The —4 db sensation Jevel was substituied on the retest becavse

5% reported later suhjects were found (o do 3o well at the +40 &b
level that 1t was et yielding dats of great value




same rule was followed for using masking to
avoid hearing 1 the nontest ear The retzst
terminated when botr lists had been presented
at +32 db sensation level

Articulation functions for normal
hearing subjects

Tahle IV summarizes the data obtained
with normal hearmng subjects during the mtisl
test session, while table V reports the com-
pamon information for the retest session
These tables report medians, means, and
average deviations of discrimwmation scores
separately for cach hist at each presentation

leve! The four arucuiation funcuions that can
be derived from these two tables are itlustrated
m figure 1, where the funct.oms are plotted
from the means of scores obtammed for each
hst during each experimental session

Figure 1 reveals that the two hsts yielded
essentially the same slope of wrticula*.on func-
tion during the mit:al session and the retest
run  These curves are displaced from one
another shghtly on the horizontal scale, but
their parallehsm 18 unusually good They fit
the same configurational pattern with defini-
tiveness, thus giving one confidence that they
are valid descriptions of the way performance

TABLE IV
IDhserinanation scores obtaned with N U Auditory Test No 4 for subjects

with normal hearing during the

first test session (scores reprozent

percent of ttems correctly repeated)

List1
S tion lewal

Last 11

of presentation*
s Median Mean

Average Media vt Average
deviation | 16437 Heut | geviation

0 27 283
+ 8 8 58
446 94 933
+ 100 996
F2 100 999
+40 100 999

80 21 230 39
75 3 694 15
34 91 929 30
12 100 986 15
02 100 998 05
02 100 998 05

*Mean ST ~- 25§ &b ST

TABLE V

Discrimination scores obtained with N. U Auditory Test No 4 for subjects
with normal hearing during retest ses«ton (scores represent percent of
wems correctly 1epeated)

o List1

Tevel

List 11

tation*
of presentation® |y jan | “Mean

Average M Average
deviation Mean | geviation

-4 70

0 344
+ 8 81
+16 946
+24 99.3
+32 99.5

48 16 39
231 817
86 58 90
41 948 41
11 995 08
08 995 09

*Mean SRT = 246 & SPL




PER CENT CORRECT DISCRMINATION

O——0-L17 I TEST
6——8-UST I TEST
A= —4- LTI RETEST
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SENSATION LEVEL W 08

FIGURE 1
Mean articulation functions yrelded by normal-hear-

g groap for Dste I and 1] dirinn both test and retest
seestons

by normals on NU Auditory Test No 4 1s
related to presentation level

The o. tstanding feature of this pattern 1s
that 1t apnea~- (0 represent a lmear function
which undergoes saturation at higher signal
intensities  The lower segment of the curve
15 linear ana bas a slope of about 6// increase
n disainunation score per decibel increase n
presentation level This hnear segment ter-
minates at sensation levels of about 9 db, where
discrimmation scores approacn 80‘  The up-
per portion of the function 1s a curvihnear
progression wheremn scores mmprove less and
less per decibel of stimulus elevation until an
asymptote, chara terized by almost perfect dis-
amimation, 5 reached This asymptotic re-
sponse 13 achieved when the presentation has
ranehed o sensation level of +24 db

The foregoing features exhibit themselves

10

i another gwise when one considers the
vanabiity of scores at different presentation
levels This vaniability was found to be large
within the linear Dortions of the function.
Variahilits  decreased progressively and dra-
matically once the level was gh enough to
saturate the performance with correct re-
sponses The situation 1s exemphfied by the
average deviations reported in tables I and II
At sensation levels of 0 db and +8 db, which
he below the threshold of saturation, the
average deviations range from 75 to 115%¢
At the 16 db sensation level, which 15 at the
point of partial ~aturation, the average devia-
tion drops to 41 or less  As the asymptote 1s
approached-—1¢, at 424 db sensation level—
the average deviations becorne <o small that
they are Jess than 1/ At this point, vana-
bility anong scores for normal hearing subjects
1s undoubtedly a ble to 1 errors
due to lack of attention and other secondary
factors

Although, as previously stre.sed, the gen-
eral shape of the articulation frnction did not
change from list ¥ to list II %or from test to
retest, minor differences did appear in con-
sequence of both variables Before discussing
these effects in detail, however, 1t 15 desirable
to note how, if at all, the basic pattern of the
articulation function for NU Auditory Test
No 4 was modified when the test was ad-
ministered to the suk,acts with conductive loss
and to the subjects with sensorineural loss

Articuiation functions for subjects with
conduetive hearing loss

Tables VI and VII report the mediars,
means, and average deviations of the dis-
crimmation scores yielded by the 16 subjects
with conductive loss employed in the present
stu'y Figure 2 plots the four articulation
functions derived from thesec means and thus
summarizes performance on each hst during
each experimental session

The most noteworthy observation to be
made regarding these data 1< that they duph-
cate very closely the picture yielde¢ by normal
hearing subjects Each of the four functions




TABLE VI

Duscrimnation scores obtarned with N U Auditory Test No 4 for subjects
with conductwe hearing losses durmg first session (scores represent
percent of wems correctly repeated)

Last 1
level

Lt I

of presentation*

Median Mean

A serage
deviation

Average

deviatron Median

Mean

0
+ 8

22
4
91
100
100
100

229
n2
926
920
996
997

+24
+%2
+40

94
122
55
12
o6
02

201
654
920
90
996
998

"Mean SR1 — 61 1dL SIT,

TABLE VII

I3

Duser

dwithN.U A

tior scores n

with conductive hearing lysses durang retest sesswon

percent of item3

-y Test No 4 for sub,ects
(scores represent
correctly repcated)

Tast1

Seneat

Last 11

level
of presentatior.®

Median Mecan

Average
deviation

Averape

aeviatiop Median

Mean

-4

0
+ 8
+16
+21
+12

97
305
41
939
a0
990

67
134
92
19
25

12

2
22
74

71
2513
7073
940
98 "
994

75
137
100
48
20
10

*Mean SRT £114b 811

exhibits the configuration of a linear function
which reaches saturat‘cn  Moreover, the re-
sults at each sensation level are numerrcally
very close for the two groups True, the
conductives show shghtly greater discrepancy
between functions from test to retest and from
hat I to hist 11, Also, as gaged by the average
deviations, the homogeneity of responses at a
given sensation level was shghtly poorer for
the subjects with conductive loss, but, agan.
average deviations are restricted sharply as
the saturation region 1s invaded Again, too,
the slope of the linear sepment of each funciion
18 nearly 6 . per decibe) change in presentation
level

Articulation functions for subjects with
sensorineural loss

Tables VIII and IX, plus figure 3, sum-
marize the results for subject~ with sensari-

neural loss  One notes 1mmediately that these
data have two close parallels with the data for
the other Lv o groups of subjects and two major
discrepancies therefrom

As was true for the other two groups, the
four sets of data for sensormneural subjects
agree with one another closely  True, they
deviete shightly i the absolute values mvolved,
but thev yicld articulation function: which

1




PER CENT CORRECT DISCRIMINATION

0——0-LIST I TEST

@=—=0-LIST X TEST

&= — &4-L1ST X SETEST
-UST X AETEST
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L
24
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FIGURE 2

funet

Mean ar

yrelded by

d f
lozs group for luts I and II during both test and retest

sesstons

are highly equivalent to one another in shape
and location on the chart. Thus, any one of
the four configurations 1s characteristic of the
relationship between increase in presentation
level and impryvemen® 1n phonemi¢ discrimina-
tior which this group exhibits

The second feature of simlanty 1s that,
again, the pattern bespeaks a saturation curve
In this 1 stance, the hinear segment continues
up to the point where the mean discrimination
score 18 about 65 the contoar bemg non-
linear thereafter

The first discrepancy from findings with
normal hearers and cases with conductive loss
18 that the articulation functions for sensen-
neural cases are much more gradual m slope
and the transition to nonhneanty occurs at a
lower mean discrimmation score In couse-
quence of these two features, the nonlinear
upper segments of these functions do not flat-
ten off to full saturation within the range cof
presentation levels employed in the present
study Mean discrimination scores at the +-40

sensation level are approximately 92%, and
1t appears hkely from the contours of the four
functions that the saturation asymptote would
be reached at a mean discrimination score of
954 or shghtly less (fig 3)

TABLE VIII

Dascr ¢

srores ob d with

N U Auditory Test No | for subjects

with sensormeural hearng losses during first session (scores represent

percent of items

correctly repeated)

level

List1

Last 11

of presentation®

Mean

Average Average
devation | Median Mean [ geviation

[
+ 8
+16
+24
+32
+40

125
354
620
790
876
920

68 79 56
138 305 154
132 558 11
125 55 108
85 866 96
62 930 69

*Mesn SRT = 5¢ ¢ da SPL




TABLE I\
Doserinaation seores obtarned wath N U Auditory Test No § tor subiects

with sensmmanal hearing losses during 1otogt s(Sston

{scores yepiesent

percent of wtons eonrectly repeated)

Iist]

Scnsatien lewd

o presontation
of presontatio \fan

R
Average
deviation

East 11

Average

Meduan deviation

Mean

i1
146
426
[GE]
a3
A% N

37 25
&5 R1
187 758 177
142 599 12h
121 Y 123
N0 0 =0

23
686

Mean SRE v db SE]

LISY X TEST

H
H
H
H
g
v
g
-
5
H
g
£
g
S
.
z
z
3
x
g
H
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3 24 3z
SENSATION LEVEL IN 0B

FIGURE 3

Hean miticulation  frvctions yeldid by sensori-
newral gronp for lots [ oand I durimg bath test and
retest scaswns

The second unique feature of the sensor
neural group 1 that 1ts diserimination scores
were much more variable at a given picsenta
tien level than were thase of the other two
groups  This fact 15 revealed bv the average
deviations which were appreciably greater for
the ~ensorincural subjects at most presentation
levels  Obuiouslv, these results mndicaiz that
the sensorineural subjects were a less homo-
geneous group m their behavior than were
either the normal hearers or the subjects with
conductive loss seen n this study  This fact
15 at least partially responwibl» for the more
gradual ~lope to the articulation function ot
the sensorineural group

Comparison of articulation functions
for the three groups

The parallehsm and equivalence 1 functions
for noymals and conductives 15 ~o great that
1t appears fullh rustifiable to accept a cambma-
tion of the data for these two groups as the
basis for a generahzed de~cription ot the ar-
ticalation function characternzing N U Aud,
tory Test No 4 This descripuion 15 g3 en
graphially as w«m'e A i figure 4, whch
averagres all scores for these 32 subjects as
tested with both lists during the twe evperi.
mental sessions  This  composite function
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FICURE 4

Mean artieulation funcavns for NU Auditory Test No 4 derncd by
averaging test and retest data [~v btk Lists

stands as the best estimate from present data
of the relation to be expected when using N U.
Auditory Test No 4 1if the sub)ect’s capacity
for phonemic disc“immation 1s not defective,
albeit he may exhibit hypoacousis The sahent
features of this function are that the slope of
1ts hnear segment 13 5 67 per decibel, that no
evidence of saturation aprears until the dis-
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crimination score approaches 75%, and that
saturation 1s virtually complete at the +-24 db
sensation level,

It 18 2gamnst this frame of reference that
one should evaluate the articulation function
for NU Auditory Test No 4 as yelded by
tke 16 subjects with sensorneural loss This




comparison iequires averaging this group's
scores for both hists and for the two test ses-
sions, as has been dose n crder to derive
curve B of figure 4

The relations reviewed earlier stand out
sharply when one compares the two curves 1n
figure 4 These two curves clearly belong to
the same family, but the curve for sensor:-
neurals 18 characterized by a hnear segmeat
with more gradual slope (3% per decibel as
opposed to 56‘c per decibel) Moreover, the
transition to nonlinearity occurs with a lower
mean discrimmation score for the sensor-
reurals (about 65%) than for the other two
types of subjects (about 75%) These two
features combine to yreld a curve for sensori-
neurais which does not achieve full saturation—
1e, reach 1its asymptote, even at a presenta-
tion level of 440 db sensation level This lat-
ter level 13 16 db greater than the 424 db
sensation levei at whicn the curve for the other
two groups exhibits full saturation, A fimal
2fference nvolves the discrimination scores
associated with the plateau, or asymptote of
saturation Ruling out occasional chance er-
rors due to factors such as lapses of attentior
normal hearers and subjects with conductive
loss were capable of achieving perfect dis-
crimination scores so that the asympt.te for
their mean function 13 essentially at 100°%
Although the mean asymptote for the sensori-
neural group was not reached n the present
study, extrapolation of curve B imn figure 4
suggests that 1t would not have been found
10 exceed 94 or 9577, This observation 18 not
an unexpected finding i view of the demon-
strated chinical fact that some sensorineurals
do not ach perfect dascr tion
at any level of word presentation Actually, 1t
18 rather astomshing that the mean diserimina-
tion at high levels for this group 13 as good as
it was found to be Clearly, the group exemph-
f.ed sensorineural hypoacousis uncontamnated
by dysacousic factors which would have n-
d dently disturbed ph diser tion

The relationships 1llustrated in figure 4,
and just discussed, have particular importance
nsofar as they bear on the purposes for which
N.U Auditory Test No. 4 was developed: name-

1y, to ach a test of ph discer. 160
which would be useful in determinming the slope
of & person’s articulation function. They reveal
that NJU Auditory Test No. 4 satisfies the
two requirements which such a test must pos-
sess First, 1t must incorporate an articulauon
function whose slope 18 linear over a substantial
segment of 1ts course, so that the value of the
slupe may be measured with reasonable preci-
sien  Second, the degree of the slope must
vary from one type of subject to another since
there would be nc reasoa for undertaking to
measure the slope of the articulation function
if 1t were mvariant from person to person

Before one proceeds to use N U Auditory
Test No 4, however, he must know whether
1ts two parent lists are acceptably egquivalent
to one another and whether unfortunate prac-
tice effects accrue as the lists are repeated
The assessment of these two factors, as re-
vealed by the data already described, con-
stitutes the next two sections of this report

Equivalence of list I and hst II

Figures 1, 2, and 3 reveal that the articula-
tion functions for hist II are displaced shghtly
to the right of the functions for hst I These
displacements suggest that the two lists differ
systematically in such a manner that hst II
requires shightly greater intensitv than lst I
for subjects to achieve the same discrimination
score, particularly throughout the lhinear seg-
ment of the function Since ths relationship
18 found n the results obtamed with all three
types of subjects, 1t becomes necessary to
evaluate 1ts magnmtude and sigmficance

Table X summarizes the pertinent facts for
each group of cubjects separately and for the
ombination ot all three groups The table
records the algebraic means of differences be-
tween discrmnation scores for the two lists
at each sensation level, as well as the probabili-
ty associated with the statistic yielded when
the sign test was apphed to the data for that
sensation level The instances in which these
probabilities were equal to or less than 05
for a two-tailed test are marked with an
asterisk to help the reader evaluate the
significance of the findings
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TABLE X

Differences between means of discrumnation scores for lhists 1 and I1 at
the several presentation levels, and the probability assocwated with each
difference a= «vvod from the sign test (test and retest data combined)

Normal
Sersation iezel hearers

of p

on

Conductive
loss group

Al proups
combined

Sensorineural
loss greup

L=l | P [n-1y

P} L -L, L=Ly

4 {retest only) 34
0 83*
8 42
16 01
24 01

%2 —02

40 (test onty) 02

26*
40
50*
03
~0%
02
(4]

25*
60
50
23
08
00

02 16
57
57
64°
31
04

—~10

[ITESNETY

The relationships which appear m table X
are clean cut  The laigest differenres between
means occurred ¢t sensation levels of ¢ ana
4 8 db for normar hearing and conductive loss

~ses  The sensorineural gioup 1s character-
1zed by large differences not onlv at these two
sensation levets but also at +16 and +24 db
The foregomg relationships present an mte-
grated picture “hcn one remembers that nor-
mals and conductives ceased to show Lnear
increase of discrimination scores with inerease
i presentation level above +8 db sensation
level and that sensorineurals did not cease to
show this linear increase until the 24 db
sensation level Thus, the sensation levels at
which large aifferences appeared for each group
are the sensation levels where the hnear re-
lation between discrimination score and -
tensaity of presentation was mamtained As
soen as the presentation became high enough
1o start evoking saturation responses, the mean
difference between scores with the two lhsts
decreased to a very small value The relatron-
ship mav be highlighted in another way There
are ten mstances reported in table X m which
the mean difference between scores for a
smgle group 1s greater than 25« All ten are
associatea with th. linear segment of an artic-
ulation function and 1n all cases the perform-
ance was better on list I The sign test vielded
a probability which was equal to or less than
05 1n seven of these insturces None of the
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differences associated with levels evoking
saturation responses exceeded 8 and none of
these differences was statistically sigmficant
at confidence levels more stiingent than 10¢

These facts support the conclusion that a real
difference between the two lists ewsts but
that 1t 1s apparent only when the level of
presentation 1s low enough to keep the response
on the I'near segment of the subject’s articula-
tion function

Thus, othei trungs bemyg equivaient, the
score for hst I may be expected to be better
than for list II The difference to be expected,

however 15 not large As can be seen 1n
table X, the average difference for all groups
combined 1s only 60’ at 0 db sensation level
and 50° at +8 db sensation level Statistical
evaluation of these d.fferences by means of
the sign test yields statistics whose probabili-
tiex are less than 0003 These results gmive
one high confidence 1n the realty of the dif-
ference betwecn hists, but they also mghhght
the fact that the difference 1s not numenrcally
great when evaluated n terms of the slope
that characterizes the linear portion of the
articulation functions This slope, 1t wiil be
recalled, 15 56'¢ per decibel for normals and
conductives and 30‘c for sensorineurals
Therefore, the systematic difference between
lists in disennmination score 1s equivalent to
a displacement of between one and two decibels




on the mntensity scale Expressed thus, the
difference 18 no greater than the margin of un-
certainty which 1s associated with establishing
a speech reception threshold, which 13 the bare
of reference from which sensation level 1s
computed

These findings, plus the observauon that
the two hsts have articulation functions with
equivalent hinear slopes, lead to the convictiun
that the two lists are mterchangeable within
the margins of chinical precision These find-
mgs also warrant the conclusion that, provided
one precaution 1s observed, it 1s legitimate to
use the two lsts in research designed to
establish the slopes of articulation functions
This precaution 18 that only the several
scramblings of a single nst may be used to
define the slope of a particular articulation
function In other words, the alternate hst
may be substituted only when a new set of
conditions 1s mtioduced for which a new func-
tion 1s to be explored

Another way of aseessing the comparability
of the two hsts 15 o conwider the correlations
between the diserimmnation scores obtamed
with them 1o the ond, encfficients of cur-
relation were determimed by the product
moment method for those sensation levels ly-
g on the linear segment of the articulation
function Use of this method seems appropri-
ate, smce one may presume that the scores
encompassed by the hnear segment of the
articulation function lie or an equal interval

scale Table XI reports these corrclations not
only for each group of subjects separately, but
also for all subjects together at those sensation
levels where combimng their results was justi-
fiable

The general conclusion which one may reach
from examiming table XI 18 that lists I and
I are sufficiently interdependent to warrant
their being considered as alternate forms of
a single exploratory tool  All correlations are
positive and most of them approach or ex-
ceed 80

On the whole, tne relationsh:p revealed by
the coefficient of correlation 1s least strong
for the group of normal hearers, and at 0 db
sensation level during the imitial test session r
18 only 44 This particular correlation may be
attributed to the fact that the normal Listeners
used as subjects were unfambar w.th speech
audiometry at the outset of the study It will
be recalled that 0 db sensation level was the
very [irst condiion used during the mmtial
experiment il session  These subjects ap-
parently experienced some uncertanty of re-
spinoc unitl they became acchimated to the
test procedite I Lonsequence, the correlation
during the very first test condition was proba-
bly poorer than 1t weuld have been 1f they had
been fapuliar with the basic technies of speech
audiometry Confirmation of this interpreta-
tion 15 found mn two facts Furst, ail other
coefficients for the normal group are higher
‘han 44 by a noteworthy degree Second, the

TABLE XI

Coefficients of correlation (Pearson ) between hsts I and I at sensation
levels where articulation functons 1 ere judged to be lhnear

Normal hearers
Sencation

Conductive
loss group

Al groups
combined

Sensonneural
loss group

level 1st 24

session | sesion

st
session

2d
session

1st 2d
sesston | session

2d
sess1on

st
sescion

82
Rl

R3
“5
92




two sets of data for the subjects with hearing
loss yielded high correlation at 0 db sensation
level even durmng the first session  The latter
aubjects had all taken several diseriminatior
tests during earlier chimcal exammations and
aere familiar beforc the experiment started
with the basic technics of speech audiometry

I¢ still must be reiterated, however, that
normals also tended {o exhibit shghtly lowe.
correlations between hists under the other test
condit:ons than did the other two groups At
_4 db sensation level, for example, r = 71 for
normals and 90 and 78, respectively, for con-
ductives and sensormeurals  This trend 18
probably evidence that skill in phonemic dis-
crurination 1tself was more homogeneous in
the normal hearers under study, se that, mn
their case, chance factors exerted a greater
relat ve influence on the statistical outcome
The mportance of this observation is that
when the transition to the testing of subjects
w.th hearing loss 13 made, the selationship to
. expacted betweer the two hsts 13 enhanced
This situation increases the confidence with
which these materials may be used as alternate
forms when carrving on discrimination testing

In conclusion and summary, 1t 1s pertinent

to point out that for all three groups combined,
the coefficients of correlation were 84 at
—4 db, 77 and 85 at 0 db, and 92 and 93

at +8 db sensation level These results allow
one to consider hsts 1 and II of N U Auditory
Test No 4 as highly equivalent when used to
explore phonemic discrimination  along  the
Imear <egment of the aruculation function

Test-retest relationships

Comparison of the results for the first ses-
sion with those obtained durng the second ses-
sion reveals two relationships of 1mportance
First, discrimination scores 1mproved shyghtly
during the second session as gaged by the
raean~ of scores obtamed at sensation leve's
where the articulttion function was limear
SQecond, test-retest reliabihty was good

In considering the first of these relations,
1t 18 not possible to say whether the prime rea-
son for the mmprovement which occurred n
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mean discrimination obta.ned during the second
session was practice per se or was familiariza-
tion with items m the test lists  Table XII
presents the facts, however, which allow one to
evaluate the magnitude and statistical <irmifi-
cance of the change at the five sensation levels
employed during both vessions  Mean discrimi-
nation scores for normal hearers and for the
subjects with conductive loss improved during
the second sesston at sensation levels of 0 and
+8& db by amounts which ranged from 32 to
63% Bv contrast, improvements were less
than 2¢¢ at the 416 db and less than 177 at the
124 and {32 db sensation levels Rewults for
the sensorineural group were somewhat dif-
ferent The largest shifts, ranging from 29 to
63°. owurred at ensation levels of +8, {18,
and 424 dv Improvements a* 0 and :32 db
sensation lerel were less than 2°¢

Only 1n four of all the foregoingt instances
did apphication of the <ign test yield statistics
whose probabilities were equal to or less than
0% and these four results were distributed
haphazardly over three sensation levels and the
three types of subjects The positiveness of
the aforementioned trend 13 grreath enhanced,
however, when one considers the combined
data for ail three groups Here, the sign test
yielded statistis which were syruficant at
the 0002, 002, and 005 levels of confidence at
wensation levels of —4, 0, and & db, respec-
tively  Of course, 1t must also ve noted that
the Tean improvement on the 1etest was less
ti:an 5°¢ 1 each of the~e three instances  The
mean shifts i score for the --24 and +32 db
sensation level were very <mall and the
provabilities associated with these differences
were greater than 10 1 each case

One may reason from these results that the
effects of practice and famibarity did not con-
stitute major contammnants to dicerimination
scores at least within the range of the ex-
posures employed 1 the present study The
mean changes observed were less than would
have been caused bv 4 one decibel increase n
presentation level Thus, the magnitude of
the observed shift 1s nat sufficient to destrov
one™s confidence mn the discrimination score
obtaned when a particular scrambhing of exther




TABLE XII

Differences betwe «n meang of discrimimation acores for the test conditton

and those for the retest condition at the several presentation levels, and

the probability assocuated with cach dif ‘erence as derwed from the sign
test (data for hets I and N combined)

Normal

Sensation tevel hearors

Conductine
loss group

Sensorineural
Toss group

All groups
combined

of presen’stinn

T,-Ty PoT-Ty

P T~Ty | P | T;-Ty

-32°
-4
~106*

o

04
10
02
10
IND

—63*

—-3817

—-13
02

03 04

-17
~63*
-4
—-29
~-18

—-37*
—48*
-24*
-1t
—04

ST
"o

Inaufficient namher f diffarences £ allow sign test

TABLE XHI

Cuefficiente of correlation (Pearson r) betiween test and retest at sensution
levels where articulation punctions were judged to be hnear

Sencation Normal hearers

Conductive
loss group

Sensor're ra!
loss group

All groups
combined

level

List 1| LastIF | Last 1

Last 11 | Tast I | LastdD | Last1 | Last 1l

62 7
60 4

66 3
Kt RR

L]
91

list must be used « ~econd (une It alko seems
proper to conclude that a sequence of repeti-
uons of N U Auditory Test No 4 at progres.
sively higher presentation levels may safely be
used n future experimentation without fear
ot winducing major shifts in the discrimination
scote betause syposures ate uwrmulutive, pro-
vided the amount of exposure does not exceed
that employed n the present study This con-
clusion, of course, presumes that the several
rondormizations of the hsts will be used, since 1t
13 not safe to assume that the relations would
remain as here described 1f the word order
were not being all red from one presentation
to the next

The question as to the reliability of hsts ]
and II 13 best approached through examination

of the coefficients of correlation hetween test
erores and the retest scores Table XII{ re-
ports these coeffictents for each group of sub-
Jects, for each hst separately, and at the
several sensation levels below the region of
saturation

The picture which emergres 13 gratify ing
All coefficients for separate grouns of “uvjects
are positive. The lowest coefficient to emerge
13 40 for hist I admimstered to normals at the
0 db sensation level The other coefficrents for
the <everal groups of subjects ranged upward
to 86 for the sensormeurals at the {8 db
sensation ievel on the retest Moreover, when
the data for all three groups were combined,
the coefficients of correlation between fesl
anil retest were found to be 65 and 91 at
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0 db and +8 db ~en<ation levels, respectively
The various values reported in table XIII are
of the order of maguitude which = generally
considered to mduate yood test-retest rehab.hi-
ty  One may therefore conclude that in tlas
respect, too, NU Auditory Test No 4 has
revealed <atisfactory stabihity

Other relationships of interest

A variety of other relationships may be
observed 1n the data at hand  Two of these are
worthy of brief discussion

The first of these 15 the effect exerted by
sebyect sophisticatiorr  As pointed oul earlier,
phonemic ais< rimination improyes shghtiv wath
exposure to test materials, and hst I yields
sughtly  higher diserimimation  scores than
st 11 One would have expected these two
effects to have accumulated particularly un-
favorably when ist I was the firet test given
to audiologically nane subjects  Conversely,
the two effects should have tended to camcel
one another when the opposite order of pres-
entation was emplored Such an outcome oc-
curred with the normal hearing subjects
These people. 1t will be recalled, lached prior
cxperience with speech audiometry  The eight
101.als whao recenved hist 11 fiest at 0 db sensa-
tion tevel in the mitial session averaged 120'¢

poorer on this hist than on hst I The remamn-
mg aight normals averaged 15¢C better on
et 1I, wuch they heard after having been
familiarized with the testing techme through
use of ist I Evidence of simlar interaction
between famiharization and test hst 1> apparent
to « lesser degree at other levels and with the
other groups of subjects The practical m-
plication of this observation for the clinician 1s
that the mmor differences 11 the difficulty of
the two lists can be largely counteracted by
using hist Tn the imtial stages of an explora-
tion and by reverving hist Il for the final stages

A second observation 1s that individual dif-
ferences 1n subject response appeared This
trend 1< revealed by the fact that discrimna-
tion scores for each group of subjects tended
to abzn themselves sinularly at different sensa-
tion levels encompassed 1n the hnear segmerc
of the articulation function This fact 1s clearly
maishaled n the coefficrents of correlation
wiith emerged when adjacent preseuniation
levels for the several lists and the seveiral
groups ot subjects are considered These co-
efficients are reported 1n table XIV  One notes
that the coefficients are all positive and that
they range trom 50 to 91 Values of this
magmtude indicate that systematic md.vidual
differences are mcorporated in the dala under
study

TABLE XIV

Cocfjrents of correlation (Pearsen r) between adjacent presentatior
lerels but restricted to conswderation of sensation levels wheve articulation
functions were judged to be inear

Normal
hearers

Conductive
loss group

Sensonineural
loss group

All groups
combined

-4 0 -4
s \s 1%
0 +8 0

0 —4| o]+ -1
s s AL s
+8 0 +16 o

First session
List 1
Lis 11

Sccond session
List I
Last 11




One factor which uadovbtedly contitbutes
1o these svstematic irdiviaual differences 1s
that minor errers of measv *ment could not
help but be mvohved 1n dete:mining the SRT'~
for the varions subjects  These SRT’s, n turn,
became the bases from which the sensation
levels for presentiny the N U materials were
speafied To 1Mlustiate, two persons with
wdentical articalation furctions weuld tead to
reveal svstematic displacements between ther
Aiserzminatiun scores if their tests were not
admimstered from dentical sensation levels

because their SRT’s had not been specified with
complete accuracy

This facter, while undoubtedly mvolved m
tne results reported mn table XIV, 13 not the
onh one having an nflyence  The coefficients
of correlation for test-retcst comparwsons offer
clear evidence tnat true varration m ability to
mahe phonemic distinetions also apreared with-
m each of the three groups of subjects
{table \III} The feet that these coirelauoms
are &l positne and are relatively ragn does
—~wore than give one confidence n the re-
hability of N'U Auditory Test No 4 Results
of this hind could have occurred only 1f each
group tested also milnded a suffwent range of
abilities to allow parallelian: between scores
obtamed 1M the two lest sessions to appear
Clearly, the correlations reported in table XIII
would not be expected to have resulted purely

from 1naccurades in estimating the SRT's fou
the two -essions, smce errors of measurement
for these SRT'\ would not be expected to be
aligned 1n the same order 1n the two mstances

4. CONCLUSION

The foregoing discussions lead one to be-
lieve that N 1" Auditory Test No 41s a valu-
able addition to the array of materials avalable
for measurement of phonemic discrimination
Pervons with normal hearing, with conductive
losses, and with sen-orineural losses (con-
sidered both as separate groups and n the
composite) yielded results with this test which
allow one to state that st I and hst II are
closely equavalent fooms  Both hsts have good
relabiity as gaged by correlations obtamed
when test and retest data were compared Dif-
ferences between the two hsts and famihanty
with the test materials exerted onh second-
order influences on discrimination scores  Sys-
tematic differcuces among ndividual subjects
appeared 1 all three groups under study
These d.fferences are most clearly apparent
when hsts are admimstered at <ensation levels
where discrimination scores are hnearly related
to signal ntensity Hence, NU Auditory
Test No 4 appears to be a particularly promis-
g teol for determiming the slope of the hnear
portien of an indnidual’s articulation function

RFFERFNCFS

Cathut B Specch audiometsy n dinical (valva-
ter Acta Otelinmg  (Stockh) 4118 42
9523

Carhart B Tews for sdction of heanmg aids
T oamgoopc ShoT0 795 (1946)

sthart h The datamimation of haanng loss
Inforn ation Bu'let n { Audwology) 1B 10 115 De
partnent of Mcdiane and Surgery N dtorans
Adminstration Washington U & Gesanmunt
x'ratng Offve 1460

Do s, H Tac artculitien ares ard *ho seat
Woquacs indiy for ncanng
Tel-TIN (14N

Tanvnnescore 5+

Fran J P Mty ation testing netbods H
USRI teport S02 01431}

+#  Elpern, B 5 Dhifferences 'n difficulty amo g the
CIDY W.22 auditery tests Larvngoscope 70
1560-1585 {1560)

Flpern B 5 The relative statality of haif It
full-liet diserimination tes's  Laryngoscopc
30.35 (1931)

Faubanks ¢ Test of phonemic disc: mination
The Thime Test § Acoust Soe Amur 30 59t
601 (195%)

Flitcher B Speech and haanag New Yorr
Van Nostrand, 1929

Heahar 1 Speech and haarnne n
“ n New Yok Van Nos rand 1933,

" mnng




ITRCIRT T A phonctiodly badanid test of
spech dcimmatien for cldien Vaster's
Thoses Northwostorn Tosersty 1499

Hush T T H Davs 8 R Sibouan, ¥ 6
Lewnelds 1 F Hde ama @ Bunven Davelo,
ment of matands for spocch andomatry
JoSpecch Heannge Dis 17321 535 (1952)

Jonear 1 Nudiolop al maamfostations of Jeaons
n the aiditoos ROvous sastem T avmroscope
TOOHT LS ey

Pebiste Tomd G b Paason Dinguinstic con
sidarations in the stud ¢ spocch mtddhpibihty
Foloust Soc Amar 31280 2ae (195

e 1S and M Doudna Structund analysas
of word tesporeos made by bar i of heanng sub
nes oon g dis nmuratien toest AMA Ak
Otaluvng 70337 0l (195

Pctason, G Foana 1 Torstc Roused €N Dists
for auditory v~ 1 Spocch Heanog Dis 27
T ie52)

Silverman § R wna 1 Posh Problems gelated
to the use of prachm dineat cudiometiy Ann
Otol 61 1234-1245 (1955}

Thorndike F 1 and T Torge  The teacher’~
word book of 000 wards New York Colum
ba Univaraty Teachas Colluge 1952

Vetaans Admiristiation Rating of aisabilits
ficm heanm, mpanmnants  Fa mern KB,
Schadule for patinge disabilities 145 «d - Wash
ington M cte gns Adninast ation 19%G

Weln T F,and 8 B Sihaman Dagnosis and
ualuation n fenostration anvngoscope 560
536355 (1946




